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Arrays of silver nanowires have received increasing attention in a variety of applications such as surface-enhanced Raman scattering
(SERS), plasmonic biosensing and electrode for photoelectric devices. However, until now, large scale fabrication of device-suitable
silver nanowire arrays on supporting substrates has seen very limited success. Here we show the synthesis of free-standing silver
nanowire arrays on indium-tin oxide (ITO) coated glass by pulsed electrodeposition into anodic aluminum oxide (AAO) templates.
We use an in situ oxygen plasma cleaning process and a sputtered Ti layer to enhance the adhesion between the template and ITO
glass. An ultrathin gold layer (2 nm) is deposited as a nucleation layer for the electrodeposition of silver. An unprecedented high
level of uniformity and control of the nanowire diameter, spacing and length has been achieved. The absorption measurements show
that the free-standing silver nanowire arrays possess tunable plasmonic resonances.
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Nanowire arrays have attracted much attention in photo-
voltaic devices,1–4 sensing,5,6 plasmonics,7 surface enhanced Raman
scattering,8 high density data storage,9 photocatalysts,10 and nano-
biotechnology,11 due to their unique electrical, optical, magnetic, and
chemical properties which are different from those in the bulk state.
In photovoltaics nanowire arrays are of particular interest for cost-
effective organic and hybrid solar cells, whose near-optimal architec-
ture is proposed to consist of arrays of nanostructures (approximately
200 nm long).12,13 The major advantage to using nanowire arrays is
the enhancement of the charge collection due to the high charge car-
rier mobility in the metallic and some semiconductor nanowires.13,14
However, due to the huge junction area, most semiconductor nanowire
solar cells face limitations in device performance due to charge re-
combination across material interfaces,13,14 leading to poor solar cell
performance. Many research groups have tried to address this issue by
developing metal oxide core-shell nanowire arrays.15–17 In this work,
a conductive metal oxide core (e.g. ZnO) is coated with a shell layer
with an offset conduction band (e.g. TiO2, Al2O3) in order to further
increase distance between electron-hole pairs while simultaneously
promoting charge extraction along the axis of the nanowire. This phe-
nomenon was further employed in doped TiO2 core-shell wires to
amplify the electron mobility in the core of the wire without form-
ing a recombination center along the internal interface.18 However,
to ultimately enhance the performance of organic solar cells, a hy-
brid core-shell nanostructure with enhanced charge mobilities could
provide an optimal electrode, e.g. a Ag nanowire with an inorganic
shell layer. Additionally, these wires promote field amplification via
plasmonic resonance as well as acting as a light scatterer,19 leading
to an increase in absorption in the surrounding active layers of the
organic solar cells.
For our approach, we use an industrially-applicable method for
producing silver nanowires on a large area via filling anodic alu-
minum oxide (AAO) templates using electrodeposition. AAO was
first introduced as a self-organizing mesoporous structure by Keller
et al. in 1953.20 Much research was later conducted to improve the
formation and to fabricate AAO pores with various pore distances and
diameters using thick (∼ mm) bulk Al foils.21 Recently, it has been
shown that the production of AAO templates on transparent conduct-
ing substrates such as ITO glass is also possible. However, due to the
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chemical instability of ITO,22 limited work has been performed using
ITO substrates as base for the AAO templates. Chu et al.23,24 initially
fabricated AAO templates directly on ITO glass. Unfortunately, this
treatment resulted in a spontaneous breakdown of ITO film and de-
lamination of AAO templates. This issue was resolved by Musselman
et al.,25 who overcame these problems by inserting adhesive layers (W
and Ti), allowing for the fabrication of large-area free-standing Ni, Cu,
Cu2O and TiO2 nanowire arrays. However, fabricating large-area Ag
nanowire arrays on ITO glass has been a great challenge, due to poor
nucleation on both the pure and W/Ti modified surfaces, resulting in
extremely uneven filling of the template.
In this work, we have found that the Ag nanowire arrays can be
achieved by adding an in situ oxygen plasma process and a Ti layer
to enhance the adhesion between the AAO template and the ITO
glass, and by inserting Au as a nucleation layer. First, we demonstrate
the fabrication of AAO templates on ITO glass (with Ti and Au
layers) and examine the influence of the anodizing voltage. Second,
the pulsed electrodeposition of Ag nanowire arrays is discussed in
detail. Finally, we display the tunable plasmon resonance effects of
Ag nanowire arrays, indicating that by changing the dimension of
such nanostructures, light can be effectively manipulated.
Experimental
Sputter deposition.—Commercial ITO substrates (Praezisions
Glas & Optik) consist of a 180 nm thick ITO layer (∼10  sq−1)
deposited on soda-lime-silica glass (14 × 14 × 1.1 mm). The sub-
strates were first cleaned with dishwashing detergent, and then in an
ultrasonic bath for 10 min each with acetone and isopropanol prior
to loading in the sputtering system. The sputtering system equipped
with in situ oxygen plasma cleaning capabilities (AJA Orion 5) was
pumped down to 2 × 10−7 Torr. The ITO substrates were exposed to
oxygen plasma for 2 min at an oxygen flow rate, power, and pressure
of 15 sccm, 50 W and 10 mTorr, respectively. This cleaning process
is crucial for enhancing the adhesion between ITO and subsequent
layers. 99.95% pure Ti (5 nm) and Au (2 nm) (AJA International, Inc)
were sputtered at a rate of 0.20 nm/s and 0.75 nm/s, respectively with-
out breaking chamber vacuum. The RF deposited Ti was sputtered at
a power and argon pressure of 100 W and 2 mTorr while the Au was
sputtered under direct current (DC) at a power and argon pressure of
20 W and 1.5 mTorr. The samples were subsequently taken out of the
aforementioned sputtering system and transferred into the load lock
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Figure 1. Free-standing silver nanowire fabrication scheme.
chamber of another sputtering system (Surrey NanoSystems Gamma
1000C). The samples were degassed at 200◦C for 5 min at approx-
imately 10−5 Torr and allowed to cool to room temperature prior to
the Al sputtering. This degassing process was used to remove the
moisture bonded on the sample surface due to breaking the vacuum.
High-purity aluminum (99.999%, Testbourne Ltd.) (150 nm) was DC
sputtered at a power and argon pressure of 200 W and 5 mTorr at
a rate of 0.05 nm/s. All sputter processes were performed at room
temperature.
Anodization and pore widening.—Anodization was carried out
at 5◦C using a two electrode system in a jacketed beaker cooled
by a recirculating chiller. The samples were installed in a homemade
leakage-free Teflon holder with an O-ring sealed window exposing the
center of the sputtered Al surface (1.27 cm2) to the 0.1 M oxalic acid
(Sigma-Aldrich). The samples were contacted with four gold pins, one
at each corner. A Keithley 2400 SourceMeter supplied the constant
anodizing potential, and a platinum wire ring counter electrode was
placed in parallel to the Al film at a distance of 1–2 cm. The current
was monitored throughout the anodization process by a LabVIEW
program. As the pores reached the bottom of the Al, the sample
turned transparent. When vigorous gas bubbles uniformly spread out
from the sample surface, the anodization was manually stopped. It is
important to stop the anodization process at the proper point because
the barrier layer needs to be thinned for a sufficient duration, but the
process should not be too long as this would damage the film. The
alumina barrier layer was subsequently completely removed in 5 wt%
phosphoric acid (Sigma-Aldrich) at room temperature while the AAO
pores widened.
Electrodeposition and the removal of the AAO templates.—The
pulsed electrodeposition was performed in a three-electrode system
with an Autolab PGSTAT 101 potentiostat/galvanostat. The elec-
trolyte solution was prepared using 50 ml of 0.05 M silver sulfate
(Sigma-Ag2SO4; Aldrich) and 2.3 M potassium thiocyanate (KSCN;
Sigma-Aldrich) in deionized water (pH 6.0). The pH of the solu-
tion was then adjusted to 4.2 by adding 40 ml acidic buffer 0.2 M
monopotassium phosphate (KH2PO4; Sigma-Aldrich). Then, 20 ml
of methanol was slowly added to the solution as a wetting agent. Fi-
nally, the pH of the solution was stabilized to 6.0 with 7 ml alkaline
buffer 0.2 M dipotassium phosphate (K2HPO4; Sigma-Aldrich). The
ratio of water to methanol was about 1:5. The solution was stirred
throughout the preparation process. The AAO samples were elec-
trically connected as before in the leakage-free Teflon holder. An
Ag/AgCl (3 M NaCl) electrode was used as a reference and a 2.25 cm2
platinum counter electrode was employed. For pulse deposition, the
following parameters were used: deposition voltage Upulse = −0.5 V,
pulse time tpulse = 6 ms, relaxation voltage Uoff = −0.157 V and
relaxation time toff = 1 s.
The AAO templates were removed by etching in 0.1 M sodium hy-
droxide (NaOH; Sigma-Aldrich) for 30 min at room temperature. Sub-
sequently, the samples were cleaned in deionized water, and dried care-
fully with slight nitrogen flow. Hence, the free-standing Ag nanowire
arrays on ITO glass were obtained.
Structural characterization.—The nanowire arrays were charac-
terized using a scanning electron microscope (SEM) (Zeiss Neon
40EsB) operated at 5 keV. X-ray diffraction was performed on a
Bruker AXS D8 Advance diffractometer using CuKα radiation and a
grazing incidence mode.
Optical measurements.—The absorption spectra were performed
in a double beam Cary 5000 series UV-vis-NIR spectrometer (Agilent
Technologies). Samples were installed on a rotating stage and placed
in the center of an integrating sphere (150 mm diameter), which
eliminates the influence of scattering, with a direct measurement of
absorbance, rather than extinction. The absorption is determined by
detecting the total reflection and transmission through the sample. The
beam size on the sample was approximately 6.25 mm2, adjusted by
appropriate lenses. The absorption spectra were scanned from 800 to
300 nm at a rate of 1 nm/s, a spectral bandwidth of 5 nm, and were
referenced to 100% and 0% transmittance.
Results and Discussion
AAO template.—Figures 1a–1c show the fabrication scheme of
AAO templates on ITO glass. 5 nm of Ti as an adhesive layer, 2 nm
of Au and 150 nm of Al were deposited on ITO glass by sputter-
ing. The in situ oxygen plasma pre-cleaning of the ITO surface was
found to be crucial for preventing the template from peeling off dur-
ing the anodization process; high vacuum was maintained between
the pre-cleaning and the subsequent layer depositions. Sputtering pa-
rameters specific to the system used are displayed in the Experimental
section. The ultrathin transparent Au layer is not a continuous film
but rather Au dots uniformly distributed over the ITO surface (see
Figure S1 in Supporting Information). These Au dots are essential
in providing nucleation sites for the silver electrodeposition. With-
out the use of this Au seed layer, there were only sparse Ag nuclei
when directly deposited on the low-surface-energy26 ITO film. Other
attempts at electrodepositing Ag on WO3, Cr, Ti and amorphous TiO2
films did not yield homogenous nanowire growth, possibly due to
large lattice mismatches (more than 8%, while only 0.3% between
Au and Ag).
Figure 2 shows a detailed plot of current density versus time (J-t)
for the anodization at 60 V in 0.1 M oxalic acid. 0.1 M oxalic acid
is used in this study instead of the more common 0.3 M oxalic acid25
since the anodization process is too fast to stop in time when using
the more concentrated acid for anodizing thin Al film. During the
first few seconds, a high current is detected while the surface of Al
is oxidized. The current swiftly drops to a local minimum once the
oxide layer is completely formed (1). The pores start to form due to
local electric field enhancement induced by film roughness and cracks
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Figure 2. Current density vs. time curve for the anodization at 60 V of a 150
nm Al on ITO glass (with 5 nm Ti and 2 nm Au layers) in oxalic acid (0.1 M).
(1–5) label different stages of the anodization process as discussed in the text.
in the oxide layer.25 The current increases during the progression of
the pores through the Al film (2).
The subsequent significant current drop (3) is ascribed to a com-
plete consumption of Al, first locally, and finally over the whole
substrate, leaving an Al2O3 barrier layer at the bottom of the pores. At
this point, the current reaches a local minimum (4). At the end of the
anodization process, the current rapidly increases, accompanied by
vigorous gas bubbles (5). These gas bubbles are likely due to the oxi-
dation of O2− ions, which migrate through the porous alumina barrier
to the Au interface.23 It is critical to stop the current at the proper point,
because stopping too late would cause delamination of the template
due to the pressure produced by the gas bubbles. However, since this
process also thins the barrier layer underneath of the pores,23 stop-
ping too early leaves too thick of a barrier layer to be removed by 5
wt% phosphoric acid, one example of which can be seen in Figure S2
in Supporting Information. Such an insulating barrier layer severely
blocks the electron pathways to the conducting substrates, leading to
failure of electrodeposition of nanowires.
Figure 3a shows a SEM image of an AAO template made by an-
odizing 150 nm Al on ITO glass at 60 V, followed by 80 min of
pore widening. The inset shows the pore diameter distribution, ex-
amined by ImageJ software. The AAO template is uniform on the
whole substrate (with an area of 1.27 cm2). To identify the stability
of the ITO film in the anodization process, the sheet resistance was
characterized by a four-point probe after removing the AAO tem-
plate in NaOH (0.1 M) for 30 min. There was no significant change
Figure 3. (a) SEM image of an AAO template on an ITO glass substrate (with
5 nm Ti and 2 nm Au layers) by anodization in oxalic acid (0.1 M) at 60 V
and pore-widening in 5 wt% phosphoric acid for 80 min. (b) Pore diameter
distribution; average pore diameter = 76 ± 13 nm, inter pore distance = 133
± 15 nm and porosity = 5.5 × 109 cm−2.
Figure 4. Pore widening time and stopping current density at different an-
odizing voltages.
between the remaining ITO (7.1  sq−1) and the pristine ITO film
(6.9  sq−1).
Different voltages were used to anodize Al films to investigate the
influence of this parameter. The stopping current density thresholds
and pore widening times at different anodizing voltages (35 V, 40 V,
50 V and 60 V) are plotted in Figure 4 and summarized in Table I.
These AAO pores were widened for a sufficient time such that the
barrier layers at the bottoms were totally removed. Figure 4 shows
that the stopping current density threshold and pore widening time
are linearly dependent on the anodizing voltage. Since the barrier
layer thickness linearly increases with respect to increasing anodizing
voltage,27 higher electric currents to reduce the barrier layer thickness
and longer pore widening times to completely open the bottom of
the pores are required. This linear relationship can help determine the
stopping current density (see Equation 1) and pore widening time (see
Equation 2) at any anodizing voltage within the working range of the
oxalic acid.
ySJ = 0.66x − 15.32 [1]
yPW = 1.67x − 19.54 [2]
where x is the anodizing voltage, ySJ is the stopping current density
threshold and yPW is the minimum pore widening time to completely
remove the barrier layer. The interpore distance and widened pore
diameter at different anodizing voltage are examined from the SEM
images (see Figures S3 in Supporting Information), and summarized
in Table I. It is found that the interpore distance depends linearly on
the anodizing voltage with a proportionality constant of 1.9 nm/V.
This agrees well with the reported data on conventional anodizing of
bulk Al foils.28
However, the success rates of AAO templates formed at different
anodizing voltages are not the same. At lower anodizing voltages,
delamination of AAO film was occasionally observed. Higher anodiz-
ing voltages make the AAO formation process faster and reduce the
occurrence of defects.29 At 35 V to 40 V, the success rate was below
45%, whereas it increased to over 85% at 50 V to 60 V.
Silver nanowires.—Figures 1d–1e illustrate schematically the
electrodeposition of silver into the AAO templates and the removal of
AAO templates to get free-standing Ag nanowires.
















35 7 38 84 ± 13 38 ± 3
40 12 48 96 ± 19 56 ± 13
50 18 65 112 ± 8 70 ± 5
60 24 80 133 ± 15 76 ± 13
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Figure 5. Cyclic voltammetry of a gold electrode in the silver electrodeposi-
tion bath scanned from 0.1 V to −0.55 V. Scan rate: 10 mV s−1. The anodic
to cathodic charge ratio is 0.8704.
Pulsed electrodeposition of silver was performed using a stan-
dard three-electrode system. To achieve uniform pore filling of Ag
into the AAO pores, it is critical to choose a suitable electrolyte. Since
cyanide electrolytes are not stable in acidic conditions, most traditional
cyanide-based silver electrolytes are set to operate at pH > 10.0.30
However, AAO templates are only stable at a pH between 4.0 and
8.0.31 Considering the toxicity and poor compatibility with the AAO
templates, it was necessary to develop a cyanide-free electrolyte. Our
previous attempts at using silver nitrate solutions were unsatisfactory
as they resulted in poorly electroformed dendritic silver. Therefore,
we chose to use a silver complex solution to obtain fine-grained and
smoother Ag. We used the recipe based on the experiment of Riveros
et al.,32 using Ag2SO4 as the silver ion source and KSCN as the
complex ligand. To facilitate wetting of the AAO pores during the
electrodeposition, we added methanol to aqueous solution. The pH
of the electrolyte is stabilized at 6.0 with a K2HPO4/KH2PO4 (aq)
buffer. This solves the problem of the decreasing pH, which was
accompanied by a change in color of the solution during the elec-
trodeposition demonstrated in the work by Riveros et al.32 Stability of
the electrolyte was tested by depositing Ag into about 200 pieces of
our AAO templates over a month. In these experiments, there was no
apparent degradation or color change in the electrolyte and no obvious
differences in the silver deposition.
Cyclic voltammetry is first performed on a flat gold film (30 nm
Au on a silicon substrate) to determine the silver electrodepositing po-
tential range, as shown in Figure 5. It exhibits only one redox reaction
in the potential range of −0.55 V to 0.1 V and the deposition peak for
silver is −0.18 V. The anodic to cathodic charge ratio was close to 1,
irrespective of the number of cycles. All potentials presented regard-
ing electrodeposition in this paper are with respect to the Ag/AgCl (3
M NaCl) reference electrode.
The pulsed electrodeposition of Ag into AAO pores is composed
of modulated pulses in milliseconds (Upulse = −0.5 V, tpulse = 6 ms).
An overpotential of −0.5 V was required instead of −0.18 V, because
the bottoms of the AAO templates are more likely mesoporous alu-
mina rather than fully exposed gold, which leads to higher resistivity
than a pure gold layer. Therefore also the cyclic voltammetry curve
is shifted for AAO templates with a bottom layer of gold compared
to planar gold films. A relatively long relaxation period subsequently
takes place (toff = 1 s) with zero current at an offset voltage applied of
Uoff = −0.157 V. We adopt a pulsed electrodeposition concept here
for two reasons. First, it has been shown that the pulsed electrode-
position can help achieve uniform and homogenous pore filling since
a sufficient relaxation period assists the recovery of the silver ion
concentration at the deposition interface.33 Second, since the silver
electrodeposition rate is very high, to obtain short nanowires, the re-
laxation period of pulsed deposition can slow down the whole process.
It is important to point out that prior to electrodeposition, the AAO
templates are transparent. After electrodeposition, the surfaces turn
Figure 6. SEM side views of electrodeposited silver nanostructures into AAO
templates, anodized at 60 V, with an average diameter of 76 nm and interpore
distance of 133 nm. The electrodepositing times and charges are: a) 5 s, 1.58
mC, b) 10 s, 6.75 mC, c) 15 s, 10.95 mC, d) 22 s, 33.64 mC, e) 30 s, 47.01
mC, and f) 45 s, 59.85 mC. The stage angle is 54◦.
colorful (from brownish to purplish with increasing the electrodepo-
sition time). However, if the electrodeposition time is too long, the
surfaces turn whitish, due to strong light scattering at the overgrown
microstructured film. This change in the appearance of the surface of
the AAO templates can be used to determine when a sufficient amount
of silver has been deposited.
The crystal growth of the Ag nanowire arrays is supported in the
X-ray diffraction (XRD) (see Figure S4 in Supporting Information).
The pattern shows the expected reflections for the silver material.
Comparing the relative intensities of the silver reference pattern, one
can conclude that the growth of Ag nanowires was successful.
Figures 6a–6f display side view SEM images of the well-controlled
different lengths of the Ag nanowires embedded in the AAO templates
on ITO glass with increasing electrodeposition time from 5 s to 45
s. At times shorter than 10 s, only a few Ag nuclei are observed as
opposed to nearly full coverage after this critical time. Afterwards, the
Ag uniformly deposits in the AAO pores resulting in Ag nanowires.
All of the AAO templates discussed in this section are anodized at
60 V, with an average diameter of 76 nm and an average interpore
distance of 133 nm.
A prolonged current density versus time (J-t) pulsed electrode-
position curve is recorded, shown in Figure 7. The inset side view
SEM image displays the severe overgrowth of Ag nanowires. In the
J-t curve, there are three main stages: I) transient stage for Ag nu-
cleation; II) steady stage for Ag growing in the pores; III) increasing
stage when hemispherical Ag caps start forming. This agrees with
previously reported work of electrodeposition of metal nanowires
into polycarbonate membranes.34 The process should be stopped at
the transition point between stage II and III to obtain homogenous
silver nanowires as overgrowth starts to dominate.
The length of the high-quality Ag nanowires, examined from the
side view SEM images of the samples, is linearly dependent on the
charge collected on the sample, as shown in Figure 8a. This agrees well
with the Faraday’s law35 and proves a uniform nanowire growth under
the applied electrodeposition conditions. Since only a small portion of
AAO pores are filled with Ag at the beginning of the electrodeposition,
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Figure 7. Current density vs. time curve for pulsed electrodeposition of silver
into AAO templates on ITO glass. It displays the recorded data when the pulse
is on, which mainly determines the silver nanowire growth.
which is seen from the SEM image (Figure 6a), the examined length
here is the average value of these few Ag nuclei. Therefore, the linear
mapping starts at approximately 90 nm rather than 0 nm. In addition,
this linear mapping can in turn be used to estimate the length of the Ag
nanowires of good quality. Note that the same length of Ag nanowires
is not necessarily obtained with the same electrodeposition time, since
the current density always changes with different samples due to the
inevitable fluctuations at the bottom of the AAO pores.
In rare cases, overgrowth of Ag nanowires happens even when the
average length of the Ag nanowires is still short. This is undesirable
for certain device fabrications such as organic and hybrid solar cells
because it causes an electrical short-circuit between the two electrodes.
One poor quality Ag nanowire sample is presented in Figure 8a, which
does not fit the linear relationship of nanowire length and deposited
charge. Its side view SEM image is displayed in Figure 8b. It is
assumed that this inhomogeneous overgrowth is due to the uneven
barrier layer at the bottom of the AAO pores. Hence, homogenous
Figure 8. (a) Mean and standard deviation of the silver nanowires length with
respect to the charge collected on the samples. The straight line represents
a linear fit to the data. (b) A side view SEM image of one overgrown silver
nanowire sample embedded in the AAO template.
Figure 9. SEM images of free-standing silver nanowires on ITO glass sub-
strates: (a) top view, (b) side view at an angle of 54◦.
barrier layer quality of AAO templates is essential for uniform pore
filling.
Figures 9a–9b display SEM images of the samples after removal
of the AAO templates. The high quality of the Ag nanowires is shown
in the lower magnification image of Figure 9a. The 90 μm2 area is
uniform and free of collapsed nanowires, and is representative of the
entire 1.27 cm2 sample area.
Figure 10 shows the absorbance for different lengths of Ag
nanowire arrays at an incident angle of 25◦. For each length of
the Ag nanowire arrays, there are two distinct peaks: one is at the
shorter wavelength and is related to transverse resonance of the Ag
nanowires; the other is at the longer wavelength and is associated
with the longitudinal axis of the Ag nanowires.36 With diameter re-
maining almost constant, the transversal peak stayed nearly the same
at ∼370 nm. However, with length increasing from 183 nm to 212
nm, the longitudinal peak redshifts considerably by 52 nm and its
absorbance decreases by 20%. This reduction in absorbance for the
212 nm nanowires is expected to originate from the lower AgNW
density in comparison to the 183 nm nanowires. This indicates that
by changing the dimension of the silver nanowires, the resonance
peaks can be tuned in the UV-Vis range to, for example, meet the de-
mands of enhancing the electromagnetic field at specific wavelengths
in surface-enhanced Raman scattering (SERS) substrate, biosensing
and solar cells.
Conclusions
Uniform large-area free-standing Ag nanowire arrays on ITO glass
have been reproducibly fabricated by a combined technique of thin
film aluminum anodization and pulsed electrodeposition. In situ oxy-
gen plasma cleaning of the ITO surface and the sputtered Ti layer
provide excellent adhesion during the anodization process. The ul-
trathin gold layer is found to be a desirable nucleation layer for the
electrodeposition of Ag. The diameter of the Ag nanowires (38–80
nm), and the separation between them (84–133nm) can be controlled
Figure 10. Absorption spectra at an incident angle of 25◦ of free-standing Ag
nanowires with diameter = 76 ± 13 nm, interpore distance = 133 ± 15 nm.
(1) length = 183 ± 13 nm, aspect ratio = 2.2, (2) length = 212 ± 13 nm,
aspect ratio = 2.6.
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by the AAO template. The length can be estimated from the linear
curve of the length versus collected charge. The Ag nanowire ar-
rays present tunable plasmon resonance effects in the UV-Vis region,
and such nanostructures can be useful in the applications for SERS
substrate, biosensing, electrodes for photoelectric devices, and many
others.
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